Abstract This analysis describes (1) cell phone and smartphone ownership, (2) continuity of phone numbers, (3) use of specific technologies while inside and outside the U.S., and (4) perceived adequacy of specific formats to receive health research results among Latino farmworkers. Telecommunications questionnaires were administered to 165 and 102 farmworkers in North Carolina in 2012 and 2013, respectively. Univariate and bivariate analyses were completed. Increasing numbers of Latino farmworkers own cell phones and smartphones. Talk and text functions are used frequently. Relatively few farmworkers maintain consistent phone numbers. They prefer to receive study results through low technology formats. Strategies to use cell phones to improve health or to share research findings will face obstacles in this population. Public health officials who identify and implement effective strategies to overcome these barriers may be able to harness mobile technologies to address the needs of Latino farmworkers.
Introduction
Access to mobile technology has increased substantially over the past few years, and access to the internet has remained high [1, 2] . Use of cell phones and smartphones (cell phones that have advanced functions including internet access) has become extensive, and diverse strategies to harness them to improve health have been identified [3] [4] [5] [6] [7] [8] . Eighty-eight percent and 91 % of United States (U.S.) adults surveyed in 2012 and 2013, respectively, reported that they owned cell phones [1, 2] , including 86 % of Latinos in 2012 [9] . Forty-nine percent and 60 % of Latinos in 2012 and 2013, respectively, owned smartphones [2, 9] . This is a higher proportion than the 46 and 56 % of all adults in the U.S. who owned smartphones in 2012 and 2013, respectively [2] . Furthermore, mobile devices, cell phones, tablets, and other handheld devices, are increasingly used to access the internet. Among Latinos who access the internet, 76 % accessed it at least occasionally through a cell phone, tablet, or other handheld device [9] . However, among Latino adults, being born outside the U.S., being non-English-dominant, and having low income and formal education were associated with lower rates of both cell phone and smartphone ownership [9] .
Widespread ownership of cell phones and smartphones among Latinos has been reported [9] . However, limited information exists about the availability, use, or attitudes about different communication technologies among Latinos residing in the U.S. who were born in Mexico or Central America, including farmworkers [8, 10] . Among a 2011-2012 sample of Latinos who were predominantly foreign-born, had limited formal education, and were in Baltimore, 92 and 74 % reported using cell phones and text messaging, respectively [8] . Eighty-one percent and 39 % of a sample of 80 Latino migrant farmworkers in South Carolina reported mobile phone access and smartphone ownership, respectively, in 2011 and 2012 [10] .
According to the communication-persuasion model, it is crucial to select a ''channel'' or type of communication device that is appropriate and well-liked by the target audience to convey health messages [11] . Knowledge about the use and preferences for different forms of communication among Latino farmworkers, a population that has limited income, education, and English-proficiency [12, 13] , will therefore facilitate development of appropriate health communication strategies for this population, including dissemination of results from health studies. This analysis addresses the gap in knowledge by providing descriptive information about (1) cell phone and smartphone ownership among Latino farmworkers by individual characteristics, (2) continuity of cell phone and contact numbers by individual characteristics, (3) use of specific technologies while inside and outside the U.S., and (4) perceived adequacy of multiple formats to receive research study results.
Methods
Data for this analysis were drawn from questionnaires administered to male Latino farmworkers in North Carolina in 2012 and 2013 as part of a larger longitudinal study that examines the neurological outcomes of pesticide exposure [14] . The study was developed and implemented using a community-based participatory research approach. North Carolina Farmworkers Project (Benson, NC), a community partner, assisted with farmworker recruitment. Participants completed a baseline interview in May-July, 2012. The first to fourth follow-up contacts occurred in 2012; the fifth to eighth follow-up contacts occurred 2013. All procedures were approved by the Wake Forest School of Medicine Institutional Review Board, and signed consent was provided by each participant.
Sample
Men who had worked in agriculture for at least 3 years at the time of recruitment, were 30 years of age and older, and who self-identified as Latino were eligible to participate in the parent project on pesticide exposure. North Carolina Farmworkers Project staff spoke with Latino men living in farmworker camps about the aims of and requirements for participation in our project. Research study staff contacted and screened those who expressed interest in the project. A total of 235 male farmworkers completed the baseline interview [14] ; 165 and 102 farmworkers completed the telecommunications module in 2012 and 2013, respectively. Eleven farmworkers completed the 2013 telecommunications module, but not 2012 module; 91 farmworkers completed both telecommunications modules.
Data Collection
Data for this analysis were taken from the baseline, second, third, and sixth follow-up contacts. The baseline interview included items about individual characteristics; the second follow-up contact included wage information. The telecommunications modules were administered in JulySeptember, 2012, and July-August, 2013, at the third and sixth follow-up contacts. Unless noted otherwise, telecommunications items were identical across both years. Questionnaires were developed in English, translated into Spanish, checked for meaning, and pre-tested. Interviews were administered by trained interviewers fluent in Spanish. Farmworkers were interviewed in farmworker camps and clinic sites. Study data were electronically entered into our database, managed, and downloaded to statistical packages using Research Electronic Data Capture (REDCap), an electronic data capture tool hosted at Wake Forest School of Medicine [15] . Additional recruitment and data information has been published elsewhere [14] .
Measures
Both cell phone ownership and smartphone ownership (among those who owned a cell phone) are reported. Only farmworkers who affirmed they had access to a cell phone during non-work hours were asked if they owned a cell phone in 2012. Participants who denied access to a cell phone during non-work hours in 2012 were assumed not to own a cell phone; those who denied access to a cell phone in 2012 during non-work hours or denied cell phone ownership were assumed not to own a smartphone in 2012. Participants were asked about cell phone ownership regardless of their reported cell phone access during nonwork hours in 2013. Participants were informed that ''smartphones can download computer programs for use on the phone'' and that ''examples of smartphones include the iPhone, BlackBerry, and Android.'' Among the 2013 participants who reported cell phone ownership, all but two reported access to a working cell phone during non-work hours. Each of these participants reported they had access to a cell phone during the prior year and owned a cell phone.
Consistency of cell phone number was obtained by asking cell phone owners if they had the same cell phone number as they did 12 months prior. Participants were asked if they had someone with a telephone number who took messages for them. Those who responded affirmatively were asked if the message taker had the same phone number for the past 12 months.
Type of communication refers to seven modes through which individuals may have communicated with others through electronic devices: email message, text message, Facebook or other social networking tool, internet, landline telephone, cell phone, and Skype or other internet service. Values were obtained from items that asked how often participants had used each of the communication types in the U.S. during the past 2 months. Comparable questions were asked about type of communication while outside the U.S. among participants who had spent at least one month outside the U.S. during the previous year. Four response categories were provided in 2012: ''at least once a day,'' ''at least once a week,'' ''at least once a month,'' and ''less frequently than once a month.'' An additional response category, ''never,'' was added in 2013. Responses to both sets of questions were dichotomized into ''at least once a week'' or ''less than once a week.'' Format refers to electronic and traditional formats through which group study health results could be provided to participants, including: email, a text message, a phone call to preferred number (leaving voice mail if no answer), a smartphone application, a website, an informational video, a typed letter mailed to their preferred address, an in-person conversation, or a toll-free number that participants could call. Participants were reminded that the research team planned to provide participants with group results from the main research study that examined numerous health issues. Participants stated whether it would be acceptable (''Yes'' or ''No'') to receive group study results through each of the nine formats.
Participant characteristics include 2012 age (30-34, 35-44, and C45), education (0-6, 7-11, and Chigh school), marital status (married or living as married or not), whether born in Mexico, Central America, the U.S., or elsewhere, and visa status (having come to U.S. for current job under a work visa or not). Weekly 2012 income was categorized into B$500, $501-$850, and [$850. The two lowest weekly income categories both fell below the median weekly earnings of $865 for U.S. men ages 16 and older in 2012 [16] . Participants were asked how well they read English and Spanish, ''not at all,'' ''somewhat,'' ''a little,'' or ''well.'' The first three response categories and ''Don't know'' were recoded as ''not well''.
Statistical Analyses
Descriptive statistics (counts, percentages) were calculated for the participant characteristics of interest for the sample of Latino farmworkers who completed the telecommunications modules in 2012 and 2013, respectively. No participants reported that they spoke English well or were born outside Mexico; only six and seven, respectively, reported they were not married or were not here on a guest worker visa in 2012. These four characteristics were therefore excluded from subsequent analyses. A series of Chi square or Fisher's exact tests were conducted as appropriate to analyze the association between individual characteristics and each of the following: (1) owning a cell phone, (2) owning a smartphone, (3) having a consistent phone number for the past 12 months (among cell phone owners only), (4) having a message number, and (5) having a consistent message number (among those who had a person who took messages for them) during the 12 months prior to administration of the 2012 and 2013 modules, respectively. Analyses also examined the frequency of type of communication separately for participants while within the U.S., and among the appropriate subsample, while outside the U.S., in both 2012 and 2013. Analyses were calculated to indicate the frequencies of acceptability of receipt of group study results through different formats by cell and smartphone ownership. Frequency of both type of communication and acceptability of group study results formats were examined separately among farmworkers who completed at least one telecommunications module and farmworkers who completed modules both years.
To check for bias in the changes in definitions of cell ownership between 2012 and 2013, we applied the 2012 definition of cell phone ownership to the 2013 data and used a McNemar test to compare the 2013 cell phone ownership distribution using the two different definitions. There was not a significant difference in the distribution of cell phone ownership in 2013 using the 2012 definition compared to the 2013 definition. This suggests that the variation in definition of cell phone ownership across the 2 years did not substantially influence the results.
Farmworkers who completed the 2012 telecommunications module were more likely than farmworkers who completed the baseline questionnaire only to be married (p \ 0.05) and in the U.S. on a worker's visa (p \ 0.01). However, individual characteristics of farmworkers who completed the telecommunications modules both years were not significantly different than the characteristics of farmworkers who completed the 2012 module only.
McNemar tests calculated whether there were changes in, (1) reported frequency of type of communication use within the U.S. and, among those who spent time outside the U.S. both years, outside the U.S., and (2) acceptability of format for receipt of study results between 2012 and 2013 among participants who completed the telecommunications modules both years. All analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC), and p values of \0.05 were considered statistically significant.
Results
Most participants were younger than age 45, had less than a 12th grade education, were married, read Spanish well, and were here on work visas (Table 1) . In 2012, 86 and 26 % of participants reported owning cell phones and smartphones, respectively (Table 2 ). In 2013, 97 and 37 % reported owning cell phones and smartphones, respectively. No statistically significant association was found between participant characteristics and cell phone ownership in either 2012 or 2013.
Among cell phone owners, 38 and 17 % had the same telephone number they had 1 year prior to their 2012 and 2013 telecommunications interviews, respectively (Table 3) ; 28 and 27 % of farmworkers had a person who took telephone messages for them in 2012 and 2013, respectively. Of the 47 and 28 Latinos who reported that someone took a message number for them in 2012 and 2013, 55 and 25 %, respectively, reported that the message number was the same as 12 months prior. Farmworkers who had low 2012 incomes (p \ 0.05) and very limited education (p \ 0.01) were more likely than their more affluent and educated counterparts to have a message number in 2013.
Among the participants who completed the telecommunications modules both years, 81 and 86 % reported they had spoken on a cell phone, and 66 and 68 % had read a text message at least once a week during the previous 2 months while in the U.S. to communicate with others in 2012 and 2013, respectively (Table 4) . A substantial minority of participants had spoken on a landline telephone in the U.S. in both 2012 and 2013. However, fewer than 25 % reported using each of the following types of communication at least once a week either year while in the U.S.: accessing the internet, using a social networking site, reading an email message, or using Skype. The percentage who used each format at least once a week did not vary significantly across years. Speaking by cell phone was the most common means to communicate with others while outside the U.S., followed by speaking on a landline, then reading a text message, in both 2012 and 2013. No more than 12 % reported accessing the internet, or using a social networking tool, email, or Skype at least once a week during either 2012 or 2013 while outside the U.S. Furthermore, among the 89 farmworkers who completed the telecommunications module both years and spent time outside the U.S. both years, the percentage who used each format at least once a week did not vary significantly across years. All participants were born in Mexico. It is therefore likely that all or most of them were in Mexico while outside the U.S. during each of the previous years.
Participants reported varying degrees of acceptability of receiving study results through different formats (Table 5) . Formats not dependent on new technologies were preferred. Among participants who completed the telecommunications modules both years, in-person communication was considered acceptable by the greatest percentage of participants overall (96 and 95 %), as well as the subsamples of cell phone owners (95 and 94 %) and smartphone owners (92 and 97 %) in 2012 and 2013, respectively. Receiving a text message was considered an acceptable format by fewer than 50 % of all participants and both cell and smartphone owners in 2012 and 2013. Twenty-one percent and 53 % indicated that informational videos were an acceptable format to receive group study results in 2012 and 2013, respectively. Fewer than 20 % of participants, including the subsamples of cell phone and smartphone owners, considered email, websites, or smartphone apps to be appropriate formats to receive study results in either year. The acceptability of receiving study results through an informational video significantly increased between 2012 and 2013 from 21 to 53 % (p \ 0.001). The acceptability of receiving study results by email significantly decreased between 2012 and 2013 from 17 % to 2 %, respectively (p \ 0.001); the acceptability of receiving study results through a website also decreased between 2012 and 2013 from 13 to 3 %, respectively (p \ 0.05). Frequencies of types of communications and preferred format for receiving study results among farmworkers who completed telecommunications module both years were similar to the frequencies among farmworkers who completed the telecommunications module either one or 2 years.
Discussion
Cell phone ownership is widespread among Latino farmworkers in North Carolina. At 97 %, cell phone ownership in 2013 was more widespread among study participants than among the total U.S. adult population [2] . Although the percentage of study participants owning smartphones increased to 37 % in 2013, it was substantially less than ownership levels among the U.S. Latino population or the U.S. population more generally [2] . Strategies designed to distribute health information or return health research findings to vulnerable Latino men by drawing upon the high penetration of cell phones will face obstacles. Although cell phone ownership is widespread, some farmworkers do not read text messages. In 2014, 47, and 26 % of U.S. adults ages 30-49 and 50-64, respectively, reported that they used the text messaging ''a lot'' the previous day [17] . More than 65 % of farmworkers reported they read text messages at least once a week while in the U.S., indicating that many farmworkers use text messaging frequently, although not necessarily ''a lot'' each day.
Research results are frequently returned to participants; however, the format in which they are returned is frequently omitted from research articles [18] . A review article noted that the most common strategy to disseminate e P \ 0.10, value from Chi square test of differences in reporting a measured value by demographic category study results was to organize a meeting with participant members; the least common format was to call participants by telephone [19] . Some researchers report using in-person contact or printed materials to convey results [20, 21] . One state's Department of Health publicized two public meetings at which biomonitoring levels of environmental chemicals would be discussed. They also mailed the research findings to the study participants and invited them to the meeting [22] . Researchers who examined farmworkers' pesticide urinary metabolites provided each farmworker with the pesticide metabolites detected in their urine and metabolite information about the farmworker participants as a whole. This was followed by the development of an educational program on pesticide safety that was delivered to farmworker camps [23] .
Limited research has examined participants' preferences for receiving research results. Most (69 %) mothers in a Midwestern state preferred to receive individual biomarker results in a letter that included a phone number they could call with questions rather than in-person contact [24] . Other researchers recruited participants from the Yukon Kuskokwim Delta (YK) in southwestern Alaska and Seattle to examine the two populations' thoughts about how findings from genetic testing conducted in their communities should be presented to them [25] . Many participants expressed a preference to have genetic test results reviewed during a series of in-person discussions. However, participants at both sites indicated that newsletters, posters, webbased reference sources, and secure email or social media could be used to convey the information. Some participants Taken together, these findings suggest that in-person discussions and letters are not the only means to convey research findings to communities that participate in research.
Most farmworkers reported it would be unacceptable to receive group study results through text messages. Furthermore, most farmworkers interviewed in 2013 indicated that they would find it unacceptable to be called at their preferred number to receive study findings. Low acceptance of these formats may be influenced, in part, by limited literacy and the cost associated with receiving text messaging and phone calls on their cell phones. Furthermore, the high instability of phone numbers may be due to high reliance on low cost pay-as-you-go or prepaid cell phones [26] . Challenges associated with maintaining consistent cell phone coverage are not unique to farmworkers. Almost half (48 %) of smartphone-dependent residents living in the US have had to cancel or shut off cell phone services, at least temporarily, due to cost [27] . Efforts to continually update current phone numbers and address the cost of receiving messages would be required to effectively use cell phone technology to provide health information or return research findings within this population.
Our findings are in marked contrast to a sample of urban-dwelling Latinos, most of whom had limited education and were born in Mexico or Central America, who reported high levels of interest in receiving HIV education and HIV test results via text messaging [8] , and to a study of migrant farmworkers in S.C. who reported high willingness to use mobile technology provided to them to transmit personal health information to health care providers [10] . However, we asked farmworkers in our study about receipt of findings from a study in which they were currently participating, not a potential future study or medical test. The concreteness of our request and variations across non-U.S.-born Latino communities may both have contributed to the disparate findings. An increasing level of acceptance of informational videos among participants, combined with documented effectiveness of videos and telenovelas for health communication [28] [29] [30] [31] , indicates that videos may be an appropriate format to convey information and disseminate group level results. This suggests that videos accessible through smartphones may become a viable format to transmit information and disseminate results. Individuals can view YouTube videos, for example, by accessing the internet from their smartphones. However, challenges caused by changing phone numbers and the high cost associated with accessing the internet on a smartphone will need to be addressed. Both training and technology support may be required as users become familiar with new technology [10, 32, 33] . Other research suggests that increased use of smartphones will lead to an increased use of health apps for personal use [34] . If the current trend continues, increasing numbers of vulnerable Latinos will have access to a smartphone. This opens up the possibility, but not certainty, that health information can be shared with vulnerable Latino communities through mobile devices.
Strategies based on communication practices of Latinos while they are in the U.S. may be less effective when they return to their country of origin. Cell phone-based communication was lower when the participants were outside of the U.S. than within it. Given that all study participants were born in Mexico, the reduced reliance on cell phones may reflect the lower cell phone penetration in Mexico compared to the U.S. [35] .
The communication-persuasion model posits that it is crucial to select a ''channel'' or type of communication device that is appropriate and well-liked by the target audience to convey health messages [11] . In-person communication, typed letters, and telephone calls were most favored by farmworkers in our sample to receive research results. Although acceptability of receipt of group research results by text messages was \50 %, use of text messaging while in the U.S. exceeded 65 %.
The Technology Acceptance Model [36] and the Unified Theory of Acceptance and Use of Technology [37] posit that people who expect that a technological device will address their needs have the greatest likelihood of using it. Therefore, if farmworkers perceive that text messaging on cell phones or, among smartphone owners, viewing videos to receive group study results, would be valuable to them, they will have an increased likelihood of learning to use those functions if they are taught how to use them and have the means to pay for cell phone or smartphone service.
There are limitations to this study. This study does not enable us to evaluate how patterns of actual or preferred forms of communication will change in the future. However, evidence from this and other studies indicates that penetration of cell and smartphone ownership continues to grow, including among Latinos [2, 9] . Although only 70 and 43 % of farmworkers who completed the baseline interview also completed the first and second telecommunications modules, respectively, this completion rate is notable considering the geographical mobility and structural vulnerability of this population. The sample used for this analysis was restricted to male Latino farmworkers.
Findings from this study therefore should not be generalized to Latinas or Latinos more generally. Furthermore, our study did not include Latinos younger than 30. Smartphone penetration and acceptance of forms of communication that rely upon cell phones, smartphone, and internet capabilities are likely to be greater among younger Latinos than those recruited for this study. Finally, the relatively small sample size did not enable us to conduct multivariate analyses.
Further research is needed to understand better how different technologies are currently being used and to identify how they may be used effectively to provide health information and study results to Latino farmworkers. Studies that have larger sample sizes will enable researchers to conduct multivariate analyses to assess for independent associations after controlling for relevant covariates. Furthermore, studies that recruit farmworkers from different regions of the U.S. and that solicit information about participants' cell phone plans and reasons they change numbers frequently will be particularly valuable. Although use of a technology ''channel'' that is appropriate to Latino farmworkers is not itself sufficient to ensure that information or test results will be communicated effectively to a targeted community, it is necessary [11] .
Conclusion
Most vulnerable Latino farmworkers living in North Carolina own cell phones and a substantial minority own smartphones. However, strategies to harness these devices to improve health or to share research findings must adapt to obstacles including farmworkers' high turnover of cell phone numbers, preferences for receiving study results through traditional formats, possibly due to cost, and limited use of the multiple functions available on cell and smartphones. Efforts to convey health information and health study results to members of this community may be further hampered by the reduced use of cell phone capabilities when living or working outside the U.S. Researchers and public health officials who identify and implement effective strategies to overcome these barriers may be able to harness mobile technologies to address the needs of vulnerable Latino farmworkers.
